While the essential neural circuitry for delay eyeblink conditioning has been largely identified, much of the neural circuitry for trace conditioning has yet to be determined. The major difference between delay and trace conditioning is a time gap between the presentation of the conditioned stimulus (CS) and the unconditioned stimulus (US) during trace conditioning. It is this time gap, which accounts for the additional memory component and may require extra neural structures, including hippocampus and prefrontal cortex. A metabolic marker of energy use, radioactively labeled glucose analog, was used to compare differences in glucose analog uptake between delay, trace, and unpaired experimental groups (rats, LongEvans), to identify possible new areas of involvement within forebrain and midbrain. Here, we identify increased 2-DG uptake for the delay group compared to the unpaired group in various areas including: the medial geniculate nuclei (MGN), the amygdala, cingulate cortex, auditory cortex, medial dorsal thalamus, and frontal cortices. For the trace group, compared to the unpaired group, there was an increase in 2-DG uptake for the medial orbital frontal cortex and the medial MGN. The trace group also exhibited more increases lateralized to the right hemisphere, opposite to the side of US delivery, in various areas including: CA1, subiculum, presubiculum, perirhinal cortex, ventral and dorsal MGN, and the basolateral and central amygdala. While some of these areas have been identified as important for delay or trace conditioning, some new structures have been identified such as the orbital frontal cortex for both delay and trace groups.
Introduction
The delay eyeblink conditioning paradigm and its underlying neural circuitry have been studied extensively (Christian & Thompson, 2003; Thompson, 2005) ; whereas the neural circuitry for the trace eyeblink conditioning paradigm is less complete. During delay eyeblink conditioning, a conditioned stimulus (CS; e.g., 2 kHz tone) is paired with an unconditioned stimulus (US; e.g., periorbital shock), and the US elicits an unconditioned response (UR), which is eyelid closure. After several pairings of the tone and shock, the CS elicits a conditioned response (CR), where the eyelid closure occurs before the onset of the US.
For trace conditioning there is a time gap between the end of the CS and the beginning of the US, whereas no time gap exists between the CS and US in delay conditioning. This time gap or memory requirement during trace conditioning between the offset of the CS and the onset of the US is the primary difference between delay and trace conditioning paradigms. Here, we used metabolic mapping to examine forebrain and midbrain activity during delay and trace eyeblink conditioning. Results from the cerebellum were reported previously (Plakke, Freeman, & Poremba, 2007) .
While the essential circuitry for delay eyeblink conditioning is mostly established and centered within the cerebellum and brainstem nuclei (for review see Christian & Thompson, 2003; Thompson, 2005) , components of the auditory CS pathway have recently been added to the circuit including the medial geniculate nucleus and inferior colliculus (Freeman, Halverson, & Hubbard, 2007; Halverson & Freeman, 2006; Halverson, Poremba, & Freeman, 2008 ). In addition, other areas within the forebrain demonstrate modulation or illustrate parallel neurophysiological activity during delay conditioning including the hippocampus and amygdala (Berger, Alger, & Thompson, 1976; Blankenship, Huckfeldt, Steinmetz, & Steinmetz, 2005; Green & Arenos, 2007; Lee & Kim, 2004) . While not crucial for simple delay conditioning, brain areas such as the hippocampus may play a role in more complex tasks such as during long delay conditioning (Beylin et al., 2001) .
In trace conditioning, other structures may be necessary such as the hippocampus, medial prefrontal cortex, and anterior cingulate cortex (Kim, Clark, & Thompson, 1995; Kronforst-Collins & Disterhoft, 1998; McLaughlin, Skaggs, Churchwell, & Powell, 2002; Moyer, Deyo, & Disterhoft, 1990; Solomon, Vander Schaaf, Thompson, & 
